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ABSTRACT: 

A de-spread code phase detection apparatus in an SS receiver having a 
RAKE synthesizing demodulation function of receiving a pilot signal and a 
data signal which have undergone spread spectrum modulation, detecting a 
Plurality of different de-spread code phases used for demodulatiori by 
performing de-spread processing of the pilot signal, separately performing 
de-spread demodulation of the data signal by using the plurality of 
de-spread code phases, perfomiing predetermined v^eighting processing for 
the outputs upon phase matching, synthesizing the outputs, and outputting 
the resultant data, includes a search correlator, a search processing control 
section and a search processing section. The search con"elator obtains 
correlation results of the pilot signal and a de-spread code v^ile sequentially 
changing the phase of the de-spread code. The search processing control 
section receives con-elation results sequentially output from the search 
correlator and extracts a correlation result as a peak value. The search 
processing section detects a plurality of de-spread code phases used for 
demodulation by obtaining a plurality of correlation results from the 
correlation results extracted by the search processing control section in the 
order of decreasing values. 



(19) 



J 




I 




(12) 



EuropSisches Patentamt 
European Patent Off ice 

OHlceeurop^endestreve^ OD EP 0 718 998 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

26.06.1996 BulleHn1996/26 

(21) Application nurriber: 95120004.7 

(22) Date of filing: 18.12.1995 



(51) lnta'':H04J 13/02 



(84) Designated Contracting States: 
DE FR GB SE 

(30) Priority: 22.12.1994 JP 336174«4 

(71) Applicant: NEC CORPORATION 
Tokyo (JP) 



(72) Inventor: Kaku, Tomoya, 
c/o NEC Corporation 
Tokyo (JP) 

(74) Representative: VOSSIUS & PARTNER 
Siebertstrasse4 
B1675 MOnchen (DE) 



(54) De-spread code phase detection apparatus In spread spectrum type receiver 



(57) A de-spread code phase detection apparatus in 
an SS receiver having a RAKE synthesizing demodula- 
tion function of receiving a pilot signal and a data signal 
which have undergone spread spectrum modulation, 
detecting a pluralHy of different de-spread code phas^ 
used lor demodulation by performing de-spread 
orocessingof the pilot signal, separately performing de- 
spread demodulation of the data signal by using the pki- 
ralrty of de-spread code phases, performing predeter- 
mined wfeighting processing for the outputs upon phase 
iratching. synthesiring the outputs, and outputlmg the 
resultant data, includes a search correlator, a search 
processlngcortrol section, and a search processing sec- 
tion The search correlator obtains conelafion results of 
the-pitot signal aod a de-spread code while sequentially 
changing the phase of the de-spread code. The sear* 
processing control section receives conrelaUon resute 
sequentially output from the search correlator and 
extracts a correlation result as a peak value The searrti 
orocessing section detects a plurality of de-spread code 
phases used for demodulation by obtaining a plwality of 
correlation results from the conelafion results extracted 
by the search processing control section in the order of 
decreasing values. 
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Description 



The present invention relates to a direct sequence 
spread spectrum (to be simply referred to as an SS here- 
inafter) communication system receiver and. more par- 
ticularly, to a de-spread code phase detection apparatus 
for detecting a de-spread code phase used for demodu- 
lation. 

It is important for an SS receiver to perform initial 
acquisition of a de-spread code phase used for demod- 
ulation and hold it afterward. In order to facilitate such 
synchronous acquisition or synchronous tracking, a dig- 
ital cellular system of a CDMA scheme standardized In 
July 1993 in North America (TIA • lS-95) uses a scheme 
of adding a pilot signal to a data signal and transmitting 
the resultant signal from a base station to a mobile sta- 
tion. A plurality of diHerent base stations use the same 
frequency, and the phases of the spread codes of pilot 
signals used among the respective base stations are 
shifted from each other by several tens to several niUions 
chips, thereby identifying each base station. Signals 
transmitted from different base stations can therefore be 
demodulated by changing the phase of a de-spread 
sequence to be multiplied by a correlation demodulator 
in a receiver. In addition, propagation delay path, varia- 
tions of received power due to Rayleigh fading caused 
t>y movement of a receiver, and soft handoff (soft hando- 
ver) like simultaneous reception from different base sta- 
tions can be realized by perfaming RAKE synthesizing 
demodulation, i.e.. independently performing de-spread 
demodulation of data signals by using different de- 
spread code phases, performing phase matching of the 
resultant outputs, weighting the outputs with predeter- 
mined weighting factors. synthesi2lng the outputs, and 
outputting the resultant data . 

Figa 1A and 1B are bloc* diagrams respectively 
showing the arrangement of a general SS receiver and 
the arrangement of a conventional SS receiver. An SS 
transmitter 1 includes an information modulator 2. a 
spread modulator 3. a spread code generator 4. a mod- 
ulator 5, and an antenna 6 as main components. A data 
signal (channel data signal) having undergone informa- 
tion modulation in the informatton modulator 2 and a 
spread code generated by the spread code generator 4 
and corresponding to a mobile station as a communica- 
tion target are sent to the spread modulator 3. The 
spread modulator 3 multiplies these two signals to per- 
form spread modulation thereof. Meanwhile, a signal 
consisting of an an -O* (or all "n sequence having no 
information is spread-modulated as a pilot signal by 
using a known spread code (to be referred to as a PN 
hereinafter). The channel data signal and the pitot signal, 
which have undergone spread modulation in the above 
manner, are added together. The resultant signal is sup- 
plied to the next modulator 5 to be modulated. The mod- 
ulated signal is then PF-amplified and transntitted to the 
air through the antenna 6. 

A conventional SS receiver 7 includes an antenna 
8. a RF demodulator 9. an A/D converter 10, a de-spread 



demodulator 11 . a synchronous acquisition tracking unit 
12. and an information demodulator 13. Upon receiving 
a signal through the antenna 8. the SS receiver 7 demod- 
ulates the RF signal through the RF demodulator 9 and 
5 sends the demodulated signal to the A/D converter 10. 
The de-spread demodulator 11 and the synchronous 
aoquisitbn tracking unit 12 are connected in paraflel with 
the output of the A/D converter 1 0. First of aO, in order to 
establish initial synchronization, a de-spreadcode phase 
10 PN*usedfordem6dulationis©ctractedfromapilotsignal 
cont^ned in the output from the AA) converter 10. In this 
operation, the synchronous acquisition tracking unit 12 
searches for a code phase by a sliding correlation 
method of multiplying the output from the A/D converter 
15 1 0 by the same spread code PN as that on the transmis- 
sion side while sequentially changing the phase of the 
spread code PN at a predetermined wirriow period, and 
Obtaining the correlations between the resultant values. 
The phase of the pilot signal which provides the maxi- 
20 mum correlation result in de-spread demodulation b^ed 
on this sliding correlation method is determined as the 
synchronous phase PN\ With this operation, initial syn- 
chronization is estatDlished. After the establishment of 
the initial synchronization, the synchronous acquisition 
2s tracking unit 1 2 holds the synchronous phase PN' such 
that the corresponding correlation result always 
becomes maximum. 

In ader to obtain an accurate code phase in the 
above synchronous acquisition and holding operation, 
30 the synchronous acquisition tracking unit 12 generally 
performs synchronous acquisition tracking within a res- 
olution of 1/2 chip or less (e.g., 1/4 chip). This is because 
a code having a large correlation (i.e., an auto-correla- 
tion function close to the 6 function) like an f^-sequence 
35 PN code is generally used as a spread code in an SS 
communication scheme, and even a shift corresponding 
to one chip will make the conrelation value power output 
smaller than the maximum value by several tens dB or 
more. In practice, in search processing, the synchronous 
40 acquisition tracking unit 1 2 searches such spread codes 
having large auto-correlations for a code phase used for 
demodulation with a higher resolution (e.g.. a precision 
of 1/4 chip). 

When only one de-spread code phase is to be used 
AS for demodulation, the synchronous acquisition tracking 
unit 12 may perform synchronous acquisition trading to 
search for a code phase exhitxting the maximum corre- 
lation. However, in performing RAKE synthesizing 
demodulation, seardi processing is performed for the 
so required number of code phases. When, for example, 
three de-spread code phases are to be used, search 
processing is performed tor code phases exhil)iting the 
first, second, and third strongest power values as the cor- 
relation results. 
55 described above, in the conventional SS receiver, 

the synchronous phase PN' used for denxxJulation is 
determined in accordance witti the magnitudes of the 
power values as correlation results. If only one code 
phase is to be used, no prolsiem is posed. H, however, a 
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..^ ^«rfo nhases are used tor demodulation, as 

CtS sS arJ subsequertt largest code phas^ 
Z Z err^lisly cbtair,ed. This wiB be descnbed 

Fio 2 Shows a delay profile irxlicating hw the cor- 
^' / . ^er changes upon switching ot code 
l^rSSrrCS Z I Ssctesa indK^tes the 
SaJSedS^rp'ases:^^ 

bTh^ a Ho^-er.^e code phases to be obt«r«. 

to the Doint B and points E and H. respec- 
S:^™.hepdntsB.E.andHare.hec^^ 
2e points corresponding to the strong cojTelat.on 
reSte o?Sgnal components which have arr^ed a^drf- 
X r«minos i e three signals come through these dif- 

Ste ti^e p^rts E and H correspond to the delay 
terent pat^ti^e poim ^^^^ 

A ^Tc Srls^ Crtons d the auto-correlation 

f !lSs?S^al components having the point B. 

'""Ijr 3 shcS^ a corrputer simulation result which .s 

actually P^o^ respect to autoK^orrelalionlunc- 

jL^r*! resolution in searching for a spread code 
tK,ns when *^ere^.o . ,5^5 

f tSSte S W be the auto-correlation output 
nJ^e?^en L 5«se of a received sequence (PN) 
Se Sr^as L of a sequence (PN") used for corre- 
16 tne sa*"* » receiver, i.e., when there s nocode 

'tr^hrTen J^PN si^Hte^ ^ ^ 
Thr^e o Jwa^^^^^^ (about .1.3dB :W)^Whenthe 
Chip, me ouiH" ^ ^as VV/2 

£^3Mt?pSeZ«twasW/4(aboul6.0dB:W).That 
^t!ltSly te°oe>esults couW be obtained as com- 

SrSe'Ci^^^^ vl^^^^ f''^' sh-ned from the PN 
?^n! oTlSe Slips. This improves the resolution .n 
"hnroSnTSTtheconventionalmethodof obtam- 

Ta cSe P^?"sad for demodulation in accordance 
T,h^S^esof thepowervaluesof correlator out- 
^T^^ *>e autocorrelation function occupy 
S^errrnilflnnudeaderc.^^^^^^^^^^ 
S a result, these code phases may be used tor demod 

"'^*?n the above case, three different code phases are 
JterSATinTesizingdemodulation.Ho«ever.the 

dc«le phases need not be limited, ^though 
;"eXe s mlSondescrlbes results of spread ~d- 
/coTr Dilot signals in the cellular telephone system of 
l1j?M?Shemewhichis^^ 
SmA.^JS aredesaibed. the same results can be 

nJedbfo^SS^nTng calculation to^ 
C^^cShecSrrelato^ 



correlations throughout the total 'englh of one 
sequence). If. however, processing Performed by per- 
foTming .irtial correlation °" ?« "'^"L^ 

correlation with respect to a portion of the sequence 
. SKse,esuHsareoblained.Thatis.thecorr^at«novrtp^ 
' ^lnedwhenthecodephaseshm.sone^porn«re 
mav become larger than the maximum output by -rZ5 
Ton tS aLve case, the shrtt is ±1/4 chip). For refe^ 
ence 4 shows the 1.024 chip partial correlabonaj 
aScH^partialcorrelaliondaspreadcodeusedinTl^^ 

-IS (correlations are calculated throughout 1.024 
cl^fpsanS^sechip^ which arepor.o,«d*es^^^ 
whosetotallengthcorrespondsto32.768chi^). 

Asdescribed above, k, the conventional SSreceiver. 
,5 portions of a correlation funclion are ^died w^^ 
Sde phases used fa demodulation. After the sear* 
J^iing. it IS difficult to check whether the obtair^ri 
vaySarS portions of a correlatton funchon or signa^ 
Sm^nents which have arrived atdifferejrt trn«fl8^F« 
«) ftis reason code phases corresponding to the portons 
^ rriTelation^ncttonareoftenused^^^ 

"on. resulting in a deterioration m the resolution of the 

'^"SS'^Sernl^entionhasbeenmade.nconsidera- 

« tionSabovesituation.andhasaslte^e^ac^ 
ratelv detect a plurality of de-spread code ptoses used 

S^'eJ^^ultio'n in an SS receiver having a F^IJ sy^ 
resizing demodulationlunction of pertormingde«pe«l 

demodulation of a data signal by using a pluralrty of de- 

" o^e^ Seve the above obfect. aca„ding to 

ihe basic aspect of the present invention, a de-^ead 
S,^^tesedetectionapparatusinanSSreceiverhav.r2 
^RAKE synthesi2ingdemodulatlonfunctk«iof r««v^ 
35 a p^ot signal and a data Signal which have ui^rgije 
L^Lils^rum modulation, detecting a pU«^ 
SSulS^read code phases used for demodulation by 
'^S^nSe-spreadprocessingdttiepilrt^^^^^^ 
arately performing de-spread demodulation of the date 
40 ^Pb%ing the pluralrty of de^ead.code pIr«s^ 
nerforniing predetemiined weighting processing for the 
CrS? phase matching, syntt^esizing the ou^ 
and oLutting the resultant date, corrpnsing a sMTch 

SueSr obtaining correlation resultsof the pihrtsig- 
« raSalspread^ewWlesequerTtiaiychanginga 
Sa^d the de-spread code, a search process.^^^^ 
S^Srtonfor receiving correlation results sequenjalbr 
iSput irom the search correlator and extracting a^^ 
SSn result as a peak value, and a search proce^ 
so sSSton for detecting a plurality of de-spread code 
!Ss^usedfordemodulationbyobtain».gaplujaWyd 

Correlation results from the c«>"f ^^^'Sa'SdS 
the search processing control section in the order of 

decreasing values. . _ 

55 rJabove basic aspect, the search processing 
controlsectiondelerminesacorrelationresultasap^ 
Slue by comparing a correlation result oirtput from tt« 
^rch corr^tor with immediately preceding and suc- 
ceeding correlation results. 



3 



5 W EP0718998A2 



6< 



According to another aspect of the present inven- 
tion, in addition to the arrangement of the above basic 
aspect, the apparatus furthe* includes threshold setting 
means for setting a threshold on the basis of a correlation 
result output from the search correlata in the past, and s 
wherein the search processing control section extracts 
a correlation result which excee<te the threshold set by 
the threshold setting means and is larger in value than 

preceding and_succeeding correlation results. 

As indicated by points B, E. and H in the delay profile 10 
in Fig. 2, the code phase points, of signal components 
having arrived at different timings, which have strong cor- 
relation results become prak values on the shape of the 
delay profile. That is. each of the correlation results at 
the points B. E, and H is stronger than both the correla- is 
tion results of the adjacent code phases. On the other 
hand, correlation results influenced by auto-correlation 
functions like those at points A and C do not become 
peak values. Such a correlaton result is smaller than one 
of the correlation results of the adjacent code phases. 20 
The present invention is based on the shape of such a 
delay profile. The search processing control section 
receives correlation results sequentially output from the 
search correlator and extracts correlation results as peak 
values. The search processing section obtains a plurality 25 
of correlation results from the correlation results 
extracted by the search processing control section in the 
order of decreasing values. With this operation, a plural- 
ity of de-spread code phases used for demodulation are 
detected with high predston. so 

The above and many other advantages, features 
and additional objects of the present invention wiH 
become manHest to those versed in the art upon making 
reference to the following detailed description and 
accompanying drawings in which preferred structural 3S 
embodiments incorporating the principles of the present 
invention are shovm by way of illustrating example. 

Figs. 1 A and IB are block diagrams respectively 
showing the an^angements of a general SS transmrt- 40 
ter and the arrangement of a conventional SS 
receiver: 

Fig. 2 is a graph showing a delay profile indicating 
how the correlator output power changes upon a 
code phase switching operation ; ^ 
Fig. 3 is a graph showing a computer simulation 
result of an auto-correlation function throughout the 
entire length of a spread code sequence used as a 
pilot signal In a cellular telephone system of a CDMA 
scheme fnA*IS-95); sc 
Fig. 4 is a graph showing a computa- simulation 
result of auto-corretertion functions throughout 1 .024 
chips and 256 chips of a spread code used as a pilot 
signal in the ceOular telephone system of the CDMA 
scheme (TIA -13-95); a 
Fig. 5 is a flow chart showing an example of search 
processing of de-spread code phases in the SS 
receiver in Rg. IB: 



Fig. 6 is a block diagram showing the anrangement 
of an SS receiver to whkrfi an embodiment of the 
present inventon is applied; 
Fig. 7 is a flow chart showing an example of process- 
ing performed by a search processing control sec- 
tion and a search processing section in the SS 
receiver in Fig. 6; 

Rg. 8 is a graph shovwng the manners of executing 
search processirtg in the present invention and the 
prior art in ttie process of obtaining de-spread code 
phases used for demodulation, and the search 
results; 

Rg. 9 IS a block diagram showing the an^angement 
of another SS recover to which an emtXKJiment of 
the present invention is applied; and 
Fig. 10 is a fk>w chart showing an example of 
processing performed by a search processing con- 
trot section and a search processing section in the 
SS receiver in Fig. 9. 

The present invention wiD be described in detail 
below with reference to several preferred embodiments 
shown in the accompanying drawings. 

Fig. 6 is a block diagram showing the anrangement 
of an SS receiver to whicSh the present invention is 
applied. An SS receiver 21 is used fa a mobile 6tatk>n 
to receive a signal which is transmitted from a base sta- 
tion. The main components of the SS receiver 21 are an 
RF demodulator 23 connected to an antenna 22, an A/D 
converter 24 for A/D-converting an output from the RF 
demodulator 23, a data demodulator 25 and a search 
correlator 26 which are connected in parallel with the out- 
put of the A/D converter 24. a de-spread code generator 
(to be simply referred to as a code generator) 28 for gen- 
erating a de-spread code used for de^read processing 
in the data demodulator 25 and the search correlator 26. 
a search processing control sectton 27 for receiving cor- 
relation results output from the search correlator 26 and 
extracting a congelation result as a peak value, a search 
processing section 29 for searching for a pluiarity of code 
phases used for demodulation in accordance with the 
magnitude of the correlation result extracted by the 
search processing control section 27. a CPU 30 for con- 
trolling the search correlator 26. the search processing 
control section 27. the search processing section 29. and 
the code generator 28, and an information demodulator 
31 for denrKXiulating actual infamation output from the 
data denrxxJulator 25. 

In the SS receiver 21 in Fig. 6. when search process- 
ing for initial aoquteition of a code phase used for demod- 
ulation is to be performed, the CPU 30 starts the code 
g&ierator 28 upon supplying a code phase P(0) [phase 
ZERO] from which the search is to be started, a search 
range R [range], and a correlation integration time T 
[time] as information associated with the search to the 
code generator 28. In the search processing for initial 
acquisition, the entire range is designated as R. In 
response to this designatioa the code generator 28 gen- 
erates de-spread codes used for de-spread processing 
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«» ^redetermined time intervals whne sequentially 
at P^edetermm ^ 

TnZeXes wWle changing the code phase Irom 

P{0) to P(R - 1) a P*'^^ ^' ^ 

TTie CPU 30 starte the search correlator 26 upon 
BUDDl^nq the correlation integration time T thereta In 
reKetois.thesearchcorrelata26otrtain6thecor- 
eSJ^breen the -output from the A/D con«erter^24 
H thl de-soread code corresponding to each of the 
^2eohas^?©se^entially output trom m 

!SLStothetin«^^ 

S'^Lt t^ the search processing contrd ^cUon 
27SinQWfObethecorrelationresultsassoaatedv«th 

fheSSses PO) generated by the code generator 
28 thts^ch correlator 26outputsatotal o. Rcorrete- 

Z^TXsVU Phase P(0). ^ 
«4^rh^e search is to be started, and the search range 
T^tV^ processing control section 27. and 
rns^^JsV^SchVoces^ngoontrd^^^^ 

''**''?t!^SrThe search processing control sec- 
Ton 27 Si tSe CO* elation results W« sequentially 
outo Jf^^ ttSsearch correlator 26. extracts a correla- 
2"? ^iras a peak value, and outputs it to the search 
o?^S^fl secSon 29. The search processing s^toon 
^o^^JSa Dlirality of de-spread code phases used tor 
feHuttio? by Staining a plurality of correlation 
?«uS oT!?e correlation results output from the search 
o?^L?ng ~Sol section 27 in the order of decre^mg 
P^^rThe^earch processing section 29 then supphes 
^iSjJidtspreadcodephasesasde-spreadcode 
the oo»'"^°T^ demodulation to the code genera- 

S-S.eS'ulode.erminesa search -nge fK-wrj^ 
search range R in the initial acquisiton) and an 

IjfaSSvTwSo^erT to perform the san^ sear* 
orocS S^S described above wrthin in the sear* 
S^rSr repeating such an opemtion. 8ynch««tou8 

'^"'In^Si'r.SSfrjie-spreadd^^^^ 
naltransmitledfromthebaseslation.thecodeg^«ator 

S TmuHaneously generates a plural^ supphed^^ 
soread code phases and outputs them 
T ,^25 The data demodulator 25 performs de- 
rS^^Sr^r'theoulputf^^^ 
SSSepluraiityofde-spreadcodephasesgene^ 

to?Scode generator 28 separately for a one-syn*o 
Sie D^rtorn* predetemilned weighting processing tor 
Te r'^terrtoiuls after matching their phase timings. 
synlh^S? troutput^ and outputs the resultant data 

"'^^"r::frprr:*^;^sec«».27ar^«.e 

sear* p^iSs*.^ ^ ^ "^^ 
detail bekm 



Fig 7teaflowchartshowinganexampleofprooess- 
ing performed by the search processing control serto. 
27 andthesearch processing section29 when threede- 

spread code phases used tor demodulaton are to^ 
s Stained. In response to an instruction to start^a^ 
piocessingfromtheCPU30.thesear*J.oc^s.^^^^^^^ 
fion 29 initiaHzes internal variables "^^^^^f^^;^^ 
v^ere Wt(1). Wl(2). and Vyft(3) mean the *» d. th^ec- 
ond.andthefirstmaximumstronfl«temetationr^^ 

,0 respectively. And. Pt(1). Pt(2). and Pt(3) to 0. and ttjB 
i^r*processinflcontrolsection27initalizesavariable 

i too (step SI). . 

■me search processing control secton 27 waits unW 

«Te f irst correlation result W(0) is output from the 
,5 correlator26(s.epS2).Whenthecoaela^nres^^^^^^^ 
is output, the search processingcontrols^on27.nCTe 
mente the variable i by one to T (step S3), and warts 
uS the next correlation result W(1) is output fr««i the 
^ ch correlator 26 (step S5). When the condaton 
20 JesuRW(i)isoutpul.iti8che*edwhetherthepreviou8ly 
oWutcorrelatrn result W(0). i.e.. W{i - 1). i-l. « 1^ 

than both the immediately P'^'^f^^^'^ 
W(i-2)thered and thecurrently output oorrelatonesdt 

W(i) (step 86). tt i - 1. since a correlation resutt W(-1) « 
» Sesenl U only chected whether the jjrelaton 

resutt W(0) is larger than the correlateonn^i^^ 

tt YES in step S6. the previously output con-dation 
result W{i - 1) is output as the correlation result corre- 
^initothepeakvaluetothesear*proce^s«:^ 
3a Sn29.?o9etherwiththecorre8por^ng«dep^w^i 
- 1). The flow then returns to step S3. H NO jn rtep S6. 
sir4e the previously output correlation result WO -1)« 
pik value, the flow returns to ^ « w^^rt 
outDUtting it to the search processing secton 29. In step 
35 s?iSSriableiisincrementedbyoneto"2-towartfor 
SnX)rrelationresult>W(2)(stepS5).Shnlartothe 
r^se. when the corrdation result W(2) is 
H techecked whether the previously output condaton 
resuHW(1)i8 larger thanboththeimmediatelypreceding 

« SSaZ resullvy(0)-thereof and J^^^^^ 

Srrelation result W{2) (step S6). If YES m step S& tt« 
S^fously output correlation resuH W(1 ) 18 output as J^e 
r^uft corresponding to the peak value to the 

Sar* processing section 29. together with the onre- 
46 s^Sr^codephasePdyi^eftowthenreturnstoJep 
£TN0instepS6.theftowimmedialelyreturnstostep 
S3:Thesearchprocessingeontrolsection27rj>eatethe 

• above operation until the last correlation resutt W(R-1) 
S?XSromthesear*correlator26.Vymen 1 = R att^ 

60 le ^«riable i is incremented by oie m stop ^. 

advances from step S4 to step S6 via step S13. n ths 
Since a correlation result W(R) = W(i) .s not 
Resent it is only checked in step S6 whether the corre- 
lation resuft W(R - 1) is larger than its inranediat^pr^ 
65 S correlaion result W(R - 2). If YES m step S6. the 
SrreLnresuftW(R.1)isoutputasthepeakvalue^^ 
"e search processing section 29. together with the cor- 
r^SSifl code phase P(R - D- The flow th«, returns 
t^^^HNO in step S6.theflowimmed«tely returns 
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to step S3. When the variable i is incremented by one in 
step S3, i = R -•■ 1 . The search processing control sec- 
tion 27 therefore terminates this processing after st^ 
S4 and SI 3. 

Meanwhile, every time the search processing sec- 
tion 29 receives the correlation result W(l - 1) as the peak 
value and the corresponding code phase P(i - 1) from 
the search processing control section 27, the search 
processing section 29 checks f irst-whether the correla- 
tion result Wfi - 1) is stronger than the internal variable 
Wt(1) (step ST). If YES in step S7, the search processing 
section 29 shifts the contents of the internal variable 
Wt(2) to the internal variable Wt(3). and the contents of 
the internal variable VA{^) to the internal variable Wt(2). 
Thereafter, the search processing section 29 stores the 
cunent correlation result Wfi - 1) in the internal variable 
Wt(1). In addition, the search processing section 29 
shifts the contents of the internal variable Pt(2) to the 
internal variable R(3): and the contents of the internal 
variable Pt(1) to the internal variable Pt(2). Thereafter, 
the search processing section 29 stores the current code 
phase P(i - 1) in the internal variable R{1) (step SIO). 

H the correlation result W(l - 1) is not stronger than 
the internal variable Wt(1). it is checked whether the cor- 
relation result W(i - 1) is stronger than the next internal 
variable Wt(2) (step S8). If YES in step SB. the search 
processing section 29 shifts the contents of the internal 
variable Wt(2) to the internal variable Wt(3). and stores 
the cunent conelation result W(i - 1) in the internal vari- 
able Wt(2). In addition, the search processing section 29 
shifts the contents of the internal variable Pt(2) to the 
internal variable Pt(3). and stores the cunrent code phase 
P(i . 1) in the internal variable R(2) (step S1 1). 

If the conelation result W(l - 1) is not stronger than 
the internal variable Wt(2). it is checked whether the cor- 
relation result Wfi - 1) is stronger than the next internal 
variable Wt(3) (step S9). H YES in step S9. the search 
processing section 29 stores the current correlation 
result WO • 1) I" internal variable Wl(3). and also 
stores the current code phase P(i - 1) in the internal var- 
iable Pt(3)(step S12). 

If the current correlation result W(i - 1) is not stronger 
than the internal variable Wt(3). the internal variables 
WKD to WK3) and R(1) to Pt(3) are not updated, i.e., 
W(i - 1) is smaller than the max 3. 

When the above processing is performed for all the 
conelation results as the peak values output from the 
search processing control section 27. the three qpper 
correlation results having large values of the oorrelatton 
results extracted by the search processing control sec- 
tion 27 are stored in the internal variables Wl(1). Wt(2), 
and Wt(3), respectively, in the order of deaeasing val- 
ues, and a pli^ality of de-spread code phases used for 
demodulation are respectively stored in the internal var- 
iables Pt(1 ). Pt(2). and R(3). The search processing sec- 
tion 29 outputs the plurality of de-spread code phases 
stored in the internal variables R(1). R(2). and R(3) and 
used for demodulation to the code generator 28 and the 
CPU 30 (step SI 4) 



For oonparison. Fig. 5 shows aftow chart shwing 
processing performed by tfie synchronous aoquisrtion 
tracking unit 12 of the conventional SS receiver 7 to 
obtain three de-spread code phases used for demodu- 
5 lation. As shown in Fig. 5. in the prior art. every time the 
correlation result W(i) between the de-spread code of the 
code phase P(0 and an output fn^m the A/D converter 
10 is obtained, steps S35 to S40 similar to steps S7 to 
S12 Jn Fig. 7 are executed. . 
10 Fig. 8 shows the manners of executing search 
processing in the present invention and the prior art in 
the process of obtaining the three code phases Pt(1) to 
R(3) (corresponding to the proofing in steps S7 to Si 2 
in Fig. 2 in the ennbodiment of the present invention, and 
IS the processing in steps S35 to S40 m Fig. 1 0 in the pria 
art) and the search results with reference to tiie delay 
profile in Fig. 2. Refening to Fig. 8. "O" and " @ " indi- 
cate code phases having undergone search processing. 
More specifically. " ® " indk;ates a code phase as a 
20 finally obtained search result In additton, V indicates a 
code phase which has not undergone search process- 
ing. 

As shown in Fig. 8. according to the prior art. all the 
phase codes within the search range undergo search 
25 processing . and points B, C. and A are detected as code 
phases used for demodulation in the order of decreasing 
correlation results. This Is because in the prwr art, cor- 
relation results as code phases output from the correlator 
are processed as independent points. In contrast to this. 
30 in the above embodiment of the present invention, the 
search processing control section 27 extracts a correla- 
tion result as a peak value, and the search processing 
section 29 performs search processing only for this 
extracted conelation result. Since code phases as per- 
35 tions of the auto-conelation function of the code f^hase ^ 
B, such as the code phases A and C extracted as search 
results in the prior art are not peak values, these code 
phases are not stflajected to search processing. With this 
operation, search processing is performed for only code 
40 phases which do not contain portions of the auto-conre- 
lation function of a given spread code. As a result the 
points B. E. and H are detected as code phases to be 
used for demodulation. 

As is apparent from the number of "X"s in Fig. 3. in 
45 this embodiment, the majority of the conelation results 
of all the code phases in the search range are not peak 
values and hence are not subjected to search process- 
ing, unlike the prior art in which all the code phases in 
the search range are subjected to search processing. 
so Therefore, even in conskleration of an increase in the 
amount of processing performed by the search processr 
ing control section 27, the total processing anrxjunt can 
be reduced, leading to a reduction in the overall power 
consumption of the receiver. 
55 Fig. 9 is a bkxk diagram showing another SS 
receiver to which the present invention is applied. The 
same reference numerals in Fig. 9 denote the same parts 
as in Fig. 6B. Reference numeral 27 denotes a search 
processing control section; 29', a search process ng seo- 
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tion: 41, an SS receiver; and 42. a threshold setting 
means. Fig. 10 is a flow chart showing an example of 
processing performed by the search processing control 
section 27' and the search processing sectton 29' when 
three de-spread code phases used for demodulation are s 
to be obtained. This flow chart is different from that in 
Fig. 2 in that step S20 is added between steps S5 and 
S6, and step S21 is added after step SI 4. 

In the embodiment shown in Fig. 9, when the search 
processing section 29' obtains search results, a mini- ? 
mum correlation result Wt(3) of three correlation results 
Wt(1). NA/t{2). and Wt(3) ol>tained by the current search 
processing is output to the threshold setting means 42 
(step S21). The threshold setting means 42 obtains a 
threshold a used for the next search processing control 75 
performed by a search processing control section 26' 
from this con-elation result Wt(3). Assume that half the 
correlation result WK3) is set to be the threshold a. As 
shown in Fig. 10, when the correlation result W(i) is 
obtained from the search correlator 26. the search 20 
processing control section 27' compares a previously 
obtained correlation result WO - 1) with the threshold a 
set by the threshold setting means 42 (step S20) before 
the processing in step S6 in which the previously 
obtained correlation result W(i - 1) is compared with 26 
immediately preceding and succeeding correlation 
results W(i - 2) and W(i) thereof. If the correlation result 
WO - 1 ) i8 larger than the threshold a, the flow advances 
to step S6. With this operation, only a correlation result 
which exceeds a given threshold and becomes a peak 30 
value is output to the search processing section 29'. 
thereby further reducing the overall processing amount 
and realizing low power consumption. 

In the above case, the threshold a is set on the basis 
of the minimum correlation result Wt(3) of the three cor- 35 
relation results Wl(1). Wt(2), and Wt(3) obtained by 
search processing. However, a threshold may be set on 
the basis of another correlation result or a plurality of cor- 
relation results. Alternatively, a threshold may be sys- 
tematically determined from all correlation resists. Also. 40 
a threshold can be set in consideration of the results of 
search processing performed several times in the past 
The above embodiment has exemplified the case 
wherein three de-spread code phases used for demod- 
ulation are obtained. However, the number of de-spread 46 
code phases is not limited to three, and the same effects 
as described above can be obtained as long as a plurality 
of de-spread code phases are obtained. 

As has been described above, according to the 
present invention, of correlation results sequentially out- so 
put from the search correlator, a correlation result larger 
than the correlation results of the adjacent code phases 
is extracted as a correlation result as a peak value. A 
plurality of correlation results are obtained from correla- 
tion results extracted in this manner in the order of ss 
decreasing values, thereby detecting a plurality of de- 
spread code phases used for demodulation. With this 
operation, of signal components in a received signal 
which have arrived at dififerent timings, signal compo- 



nents having large power values can be searched out. 
This can improve the precision of a demodulation result. 

In addition, since the majority of the conrelation 
results of all code phases cannot be peak values, the 
number of correlation results processed by the search 
processing section can be greatly reduced. Therefore, 
even in consideration of an Increase in the amount of 
processing performed by the search processing control 
section, the total processing amount can be reduced, 
leading to a reduction in the overall power consumption 
of the receiver. 

According to the arrangement wNch has the thresh- 
old setting means for setting a threshold on the basis of 
a correlation result output in the past arKj is designed to 
extract a correlation result which exceeds this threshold 
and is larger than the preceding and succeeding corre- 
lation results oulput and cause the search processing 
section to process the extracted correlation result, fur- 
tiier reductions in overall processing amount and power 
consumption can be attained. 

Claims 

1 . A de-spread code phase detection apparatus in an 
spread spectrum receiver having a RAKE synthesiz- 
ing demodulation function of receiving a pilot signal 
and a data signal which have undergone spread 
spectrum modulation, detecting a plurality of differ- 
ent de-spread code phases used for demodulation 
by performing de-spread processing of the pilot sig- 
nal, separately performing de-spread demodulation 
of the data signal by using the plurality of de-spread 
code phases, performing predetermined weighting 
processing for the outputs upon phase matching, 
synthesizing the outputs, arxl outputting the result- 
ant data, comprising: 

a search correlator for obtaining correlation 
results of the pilot signal and a de-spread code while 
sequentially changing a phase of the de-spread 
code; 

a search processing control section for 
receiving conelation results sequentially output from 
said search correlator and extracting a congelation 
result as a peak value; and 

a search processing section for detecting a 
plurality of de-spread code phases used for demod- 
ulation by obtaining a plurality of correlation results 
from the correlation results extracted by said search 
processing control section in the order of deaeasing 
values. 

An apparatus according to claim 1, wherein said 
search processing control section determines a cor- 
relation result as a peak value by comparing a cor- 
relation result output from said search correlator with 
immediately preceding and succeeding correlation 
results. 
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3. An apparatus acxx)rding to daim 2. further con^ris- 
Ing threshold setting means for setting a threshold 
on the basis of a correlation result output from said 
search correlator in the past, and 

wherein said search processing control sec- s 
tion extracts a correlation result wWch exceeds the 
threshold set by said threshold setting means and is 
larger in value than preceding and succeeding cor- 
relation results. • • 
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